In this study we investigate the role of information and communication technology (ICT) 
Introduction
The policy relevance of this inquiry has at least five motives, notably: (i) the high penetration potential of information and communication technology (ICT) in Africa (ii) the need for domestic sources of finance to accommodate Africa's investment needs; (iii) inconsistency in the measurement of financial development from the perspective of concerns about excess liquidity in African financial institutions; (iv) hitherto unexplored literature on financial sector competition and (v) the need to account for existing levels of financial development when investigating the complementarity between ICT and financial intermediary sector development in financial access 1 .
First, Africa is a very fertile ground for the development of ICT-oriented activities because, compared to other regions of the world that are experiencing ICT-growth stabilization, the penetration of mobile phones and internet on the continent is low, but growing in a promising way. As of 2010, the continent was characterised by an asymmetric development of ICT: 9.6% (41%) penetration rate for mobile phones (internet) (see Asongu, 2015a ; Penard et al., 2012) . It follows that, ICT is an important policy tool that could be leveraged to address pressing policy syndromes like the lack of finance for the continent's rising investment needs. This study employs ICT as a policy tool.
Second, a broad stream of African business literature is consistent with the position that (i) lack of finance is a fundamental challenge to starting and doing business and (ii) there is need for domestic sources of finance after privatization projects have failed, for the most part, to bring-in the much needed foreign capital (Darley, 2012; Tuomi, 2011; Bartels et al., 2009; Rolfe & Woodward, 2004; Tchamyou, 2016) . A step in the right direction towards addressing 1 The conception of financial development employed in the paper is different from capital markets. We are exclusively concerned with short term finance or financial intermediary development. Moreover, 'financial intermediary development' and 'financial development' are used interchangeably throughout the study.
the underlying African business challenge could entail inter alia transforming mobilised deposits in the banking industry into credit for investment by economic operators.
In the light of the above, African's investment needs can be partly addressed by financial institutions if the potential for ICT is properly leveraged to enhance doing business conditions. This is essentially because ICT can reduce informational rents that limit financial access and increase doing of business constraints, notably, by: improving eligibility to bank lending and enhancing the availability of timely information for business operations (Batuo & Kupukile, 2010; Allen et al., 2011).
Third, the suggested step in the second point sharply contrasts with the evidence that banking institutions on the continent of Africa are characterised for the most part by excess liquidity (Asongu, 2014a; Fouda, 2009; Saxegaard, 2006) . Moreover, as far as we are aware, the literature has not tackled the surplus liquidity concern by defining and measuring financial We argue that blanket policy implications based on mean values of financial access may be ineffective unless they are contingent on existing levels of financial access and hence tailored differently across countries with low, intermediate and high levels of financial access. To this end, we employ contemporary (or current values) and non-contemporary (or lagged by a year) quantile regressions to assess the role of ICT in financial sector development throughout the conditional distributions of financial access.
Noticeably from the discourse above, room is left to complement the existing literature in four main dimensions, notably the imperative to: (i) focus on a continent where the prospect of ICT-penetration is high (ii) address the surplus liquidity syndrome by calibrating financial allocation efficiency within the framework of the fundamental mission of banks which is to transform mobilized deposits into credit for economic operators, (iii) investigate how ICT affects financial sector development for financial access and (iv) model the investigated relationships throughout the conditional distributions of financial access. As we shall substantiate in Section 2.1, the positioning of the inquiry also goes a long way to complement the spare literature on the nexus between ICT and financial access in Africa. This is essentially because a bulk of this literature has focused on South and East Asia where ICT penetration is intense.
The remainder of the study is organized as follows. Theoretical underpinnings and financial sector development are covered in Section 2. The data and methodology are discussed in Section 3 while Section 4 covers the empirical results and policy implications.
Section 5 concludes with future research directions.
Literature Review, Theoretical Underpinnings and Financial Sector Development

Literature Review
This section is discussed in two main strands. The first reviews the extant knowledge on information asymmetry and financial access whereas the second clarifies the notions of threshold and synergy employed in the study. In the first, it is important to note that the bulk 
Theoretical Underpinnings and Financial Sector Development
Two main schools of thought have dominated the literature on the nexus between information sharing and financial development. Whereas the first focuses on how the risk features of bank assets can be transformed, the second is oriented towards mechanisms by which bank provision of liquidity can be strengthened. In addition, this stream of literature agrees with the perspective that the principal goal of financial intermediation in the banking sector should focus on allocation efficiency through optimal allocation of mobilised financial resources from lenders to borrowers or investors. Unfortunately, information asymmetry due to issues of moral hazard (adverse selection) from borrowers (lenders) limits intermediation The underlying imbalance in information leads to a disequilibrium of transactional power which gives an edge to one party so that he/she takes decisions in his/her interest, to the detriment of the other party. Such decisions often translate into higher prices. Taking the example of the bank and borrower, the party which receives the loan is liable to moral hazard because the borrower may decide to conceal transactions for which the loan was granted in order to limit his/her financial obligation towards the bank. Conversely, the party that grants the loan may limit financial access through higher interest rates because of limited In the light of the above it is difficult to argue against the fact that information sharing by means of ICT contributes to reducing information asymmetry in the banking industry. ICT has been shown to enhance the diffusion of information between market participants in the developing world. Some of the documented advantages of ICT in easing access to finance include (i) mitigating information asymmetry (Aminuzzaman et al., 2003) and (ii)
consolidating market participation and decreasing marketing cost (Muto & Yamano, 2009, p. 1887). In summary, the intuition underpinning ICT in financial sector development for financial access is based on the documented evidence that ICT improves financial sector development (Asongu, 2013) and mitigates information asymmetry (Andonova, 2006) .
In the light of the above, the theoretical connection between information sharing by means of ICT and financial sector development can be viewed from the perspective of adverse selection on the part of lenders in both the formal and informal financial sectors. Such an information sharing mechanism could benefit a lender in a given financial sector to the detriment of a lender in an opposing financial sector. This is essentially because, ceteris paribus, the shares in money supply of one financial sector may either increase or decrease if (Caulderwood, 2015) . It follows that much of the population in developing countries substantially depends on informal financial services (Asongu, 2014a) . Table 1 here"
The propositions summarised in Table 1 The main hypothesis tested in this study is that ICT complements formal financial development to increase financial access while it complements informal financial development to decrease financial access.
Data and Methodology
Data
The study assesses a panel of 53 In line with the engaged policy syndrome on excess liquidity issues, two financial development variables are employed. They are dynamics of allocation efficiency and activity. banking-system-efficiency (with 'banking system credit' on 'banking system deposits') and
(ii) financial-system-efficiency (with 'financial system credit' on 'financial system deposits').
Second, financial activity or ability to grant credit is measured with (i) banking system
activity (with 'private domestic credit by deposit banks') and (ii) financial system activity (with 'private domestic credit by deposit banks and other financial institutions').
In accordance with the motivation in the introduction on the high potential for ICT penetration on the continent (see Penard et al., 2012) , ICT is measured in terms of mobile phone and internet penetrations (Tchamyou, 2016) . Propositions 5 and 7 are used respectively for financial sector formalization and informalization. Proposition 6 on financial sector semiinformalization is not used because of constraints in degrees of freedom while Proposition 8 is also not employed because of its very high degree of substitution with Proposition 7.
We employ seven control variables: five non-dummy (foreign aid, public investment, trade, GDP growth and inflation) and two dummy (income levels and legal origins) indicators. whereas Appendix 4 provides the correlation matrix. The correlation matrix enables the study to avoid concerns of multicollinearity that could bias estimated coefficients. The high correlation between financial development variables is resolved by employing the financial development variables in distinct specifications.
Methodology
In accordance with the motivation of the inquiry, the study accounts for existing levels of The  th quantile estimator of financial development is obtained by solving for the optimization problem in Eq. (1), which is disclosed without subscripts for ease of presentation and simplicity. given i x is:
where unique slope parameters are modelled for each  th specific quantile. This formulation is analogous to 
Empirical results
Presentation of results
The results are presented in two main sections: one on mobile phones and the other on the internet. The first (second) finance. Regardless of the tables, consistent differences in mean estimated effects (from OLS) and conditional estimated impacts (from quantiles) justify the choice of the estimated technique.
The Mobile Phone, Conflicts in Financial Intermediation and Financial Development
The findings are discussed in terms of net effects which are computed with (i) the The following findings can be established from Table 2 on linkages between 'mobile phones, conflicts on financial intermediation and allocation efficiency'. In Panel A, the net effect of mobile phones in financial formalization for allocation efficiency in the banking system is negative in the 75 th quartile on LHS and RHS; and also positive in the 50 th quartile of the RHS. In Panel B, the net effect of mobile phones in financial informalization for allocation efficiency in the financial system is negative in the 50 th and 75 th quartiles in both contemporary and non-contemporary regressions.
The following findings can be established from Table 3 on linkages between 'mobile phones, conflicts in financial intermediation and financial activity'. In Panel A, the net effect of mobile phones on formalization for financial activity in the banking system is consistently positive with a positive threshold from the 25 th quartile to the 90 th decile. The fact that corresponding unconditional and conditional effects are consistently positive is evidence of synergy effects. In Panel B, the net effect of mobile phones in financial informalization for 7 36.659 is the mean value of mobile phone penetration.
financial activity in the financial system is negative with a consistent negative threshold on the RHS and a negative threshold from the 10 th decile to the 75 th quartile on the LHS.
Positive thresholds are established when net effects consistently display decreasing negative magnitudes and/or increasing positive magnitude throughout the conditional distributions of finance. Conversely, negative thresholds are denoted by persistently increasing negative or decreasing positive net effects. Hence, evidence of a threshold tendency confirms the intuition of modelling based on existing levels of financial access, with the view that the financial development benefits from financial sector development and ICT may steadily increase or decrease concurrently with increasing initial levels of financial access.
"Insert Table 2 here" "Insert Table 3 here"
Most of the significant control variables display the anticipated signs. The unexpected negative effect of Common Law countries which is contrary to the law and finance theory of 
The Internet, Conflicts in Financial Intermediation and Financial Development
The following findings can be established from Table 4 on linkages between 'internet penetration, conflicts in financial intermediation and allocation efficiency'. In Panel A, the net effect of internet penetration in financial formalization for allocation efficiency in the banking system is positive in the (i) 10 th decile and 25 th quartile on the LHS and (ii) 10 th decile and 50 th quartile on the RHS. In Panel B, the net effect of internet penetration in financial informalization for allocation efficiency in the financial system is consistently negative with an inverted U-shape, for the most part.
The following findings can be established from Table 5 "Insert Table 4 here" "Insert Table 5 here"
Further discussion of the main policy implications
From a cross examination of Tables 2-5 Third, overall, ICT-banking should be encouraged in the formal banking sector. For instance, when a mobile phone with a savings account is connected to the internet and the formal banking sector, the following advantages can be leveraged: (i) Given that the subscriber identity module (SIM) is similar to a smartcard (or virtual bank card), the ICT can be employed to store value; (ii) ICT-banking can also be used as an automated teller machine (ATM) because it permits instant access to bank accounts used for transactions' (iii) and by enabling communications and transactions with formal banking institutions, ICT-banking also serves as a point of sale (POS) terminal.
Fourth, information sharing offices can be employed to complement ICT in enhancing interbank development and financial access. Examples of such credit offices include private credit bureaus and public credit registries. This recommendation has a twofold motivation. On the one hand, information sharing offices enhance financial sector development in order to boost financial access and on the other, these credit offices also act as disciplining devices by discouraging borrowers from defaulting on their debts in the formal financial sector and resorting to the informal financial sector as a viable alternative to the formal sector.
Another implication of the study that is both theoretical and practical is that information sharing mechanisms which decrease information asymmetry for financial access, promote the formal financial sector to the detriment of the informal financial sector. In other words, the reduction of information asymmetry by means of ICT is more beneficial to formal financial sector development compared to informal financial sector development. Given that monetary policy is ineffective in African countries (Weeks, 2010) partly because a great chunk of money supply circulates outside the formal financial sector, the theoretical/practical implications can be extended with an inference that, the advent of ICT will decrease the shadow/informal financial sector and provide more enabling conditions for monetary policy effectiveness in Africa.
Conclusions and further research directions
In this study we have investigated the role of information and communication technology A caveat to the study is that the explanatory powers (i.e. Pseudo R²) in some quantiles are quite low. While this may be partly traceable to the contingency of the analysis on initial levels of financial development, it also reflects an exploratory dimension of the paper. This leaves room for further studies which could include alternative variables in the conditioning information set to assess how the investigated linkages and corresponding explanatory powers change across specifications, quantiles and financial development dynamics. Future studies can also assess whether the established findings withstand empirical scrutiny within the context of other developing continents like Latin America and South Asia. (Semiformalization and informalization) 13 Asongu and Nwachukwu (2017), Tchamyou et al. (2017) and Meniago and Asongu (2017) . N.B: Propositions 5, 6, 7 add up to unity (one); arithmetically spelling-out the underlying assumption of sector importance. Hence, when their time series properties are considered in empirical analysis, the evolution of one sector is to the detriment of other sectors and vice-versa. Source: Asongu (2015b). (Asongu, 2015b , p. 432).
"Accordingly, in undeveloped countries money supply is not equal to liquid liabilities or bank deposits. While in undeveloped countries bank deposits as a ratio of money supply is less than one, in developed countries this ratio is almost equal to 1. This indicator appreciates the degree by which money in circulation is absorbed by the banking system. Here we define 'financial formalization' as the propensity of the formal banking system to absorb money in circulation"
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"This indicator measures the rate at which the semi-formal financial sector is evolving at the expense of formal and informal sectors" (Asongu, 2015b, p. 432). (Asongu, 2015b , p. 432). (Asongu, 2015b , p. 432). *,**,***: significance levels of 10%, 5% and 1% respectively. GDPg: GDP growth rate. Public Invt: Public Investment. Mobile: Mobile phone penetration rate. OLS: Ordinary Least Squares. R² for OLS and Pseudo R² for quantile regression. Lower quantiles (e.g., Q 0.1) signify nations where financial activity is least. It is important to note that because of unbalanced panel and corresponding issues in degrees of freedom, the estimation output may not contain all the 53 sampled countries. 
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"This proposition appreciates the degree by which the informal financial sector is developing to the detriment of formal and semi-formal sectors"
13
"The proposition measures the deterioration of the formal banking sector in the interest of other financial sectors (informal and semi-formal). From common sense, propositions 5 and 8 should be almost perfectly antagonistic, meaning the former (formal financial development at the cost of other financial sectors) and the latter (formal sector deterioration) should almost display a perfectly negative degree of substitution or correlation"
